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PREFACE '

~Recent work on salinity in the Delta (Meyer and Carlton 1973, 1974,
1975 and Meyer, Carlton, Kegal and Ayers, 1976) along with the SWRCB
hearings-leadingAto 1978 Decision 1485 demonstrated the neéd for a better
understanding of the movement of salt and water under conditibns of sub-
irrigation as practiced in the Delta. This includes factors.affetting the
relationship between irrigation water quality and the resultant soil salinity
(and, by extension, crop response). One of the factors affecting this .
relationship.is the extent to which poorer qhality groundwaters move up
during an irrigafion to provide some of the water used by the gfoﬁing crop.
Work on this problem was begun in 1977 by Carlton, Hansén, and Meyer.
However, the studies were conducted on only one island and it was not
known to what extent the results were valid on other islands with different
soil characteristics. Furthermore, it became apparent that the effectiveness
and efficiency of winter leachinngas a very important -factor in the
relafionship between irrigation water quality and soil salinitx and that
very little was known about this process under Delta conditioné.

" As a result, this current two year study was Segun to improve our
knowledge;on salt and water movement under sub-irrigation on a variety of
soil types in the Delta. Studies on the leaching process were included in
order to understand water and salt movement during leaching under various
conditions in the Delta and to attempt to quantify the leaching process. /
With a clearer understanding of the fundamental processes involved, it is
hoped that improved methods of leaching can be developed. This report is
a fifst year progress report on this two year study and hence there are still

many ""loose ends'" so discussions are short and conclusions can be considered

only tentative.

ii

D—030226
D-030226



W

h"

) Page
 Background- - - - - = = = - - - - - [P . 1
Summer Irrigation Studies - = = = = = = = = = - - - - -~ - - - oo - 2
Rindge Tract - - - = = = = = = = = c = = = e = = = 0 = o = o o= 3
Bouldin Island - -~ = = = = = = = =« « - . - 11
Venice Island- = = = = = = = = = =« =« =« - B T G I 23
i
Winter Leaching Studies - = = = = = = = = = = = = = 0 = 0 = = = = « = 26
Empire Tract = = = = = = = = = = = = 0 = = o =~ = = =« = = = - =~ 26
Laboratory Bxperiments'on Peat S0ils- = ~ = = = = = = = = - = = - - - 37
Salt Movement- = = = = = = = = = 6 o & = = & 0 o & - & - - - - - - 37
Moisture Retention Curves- - - - - - - - - - === S 42
Conclusions - = = = = = = = = = =« - I N S 45
References- = = = = = = =« o0 0 6 6 0o 0 o o o e e e e e e e e 48
49

-

TABLE OF CONTENTS

Appendix- - = = = = = = & 4 6 ¢ 4 . e e -k e e - - ... - - - .

iii

D—030227

D-030227



BACKGROUND

Good water quality in the Sacramento-San Joaquin Delta is necessary

for the preservation of the agricultural industry in the-Delta, among other
Teasons. Water quality in the Delta is controlled by fresh water outflows

into the bay. The better the water quality in the Delta, the larger the,'/%
outflow required to minimize sea-water intrusioﬁ.

Questions have been raised concérning the water quality necessary to
maintain Delta agriculture. Studies héﬁé been made to help answer these
questions and water quality objéctives, bésea on information obtained from
these studies, have been established. However, vital information concerning
relationships between crop yield,soil salinity;and irrigation water quality
under Delta conditions is still not available.

Numerous studies on the relationship between crop yield and soil
salinity have been conducted in well-drained, mineral soils (Ayers, 1977).
QJQ Under well-drained conditions, it'is assumed that the source of salts in
the gﬁil.is.primarily from the irrigation water. This assumption allows
them to establish a relationship between crop yield and irrigafion water
quality provided some defined leaching of the soil occurs.

However, no information is available on the relationship between crop
yield and soil‘salinity for organic soil under high water table conditions
such as exist in the Sacramento-San Joaquin Delt;. A study is currently
being conducted by the U.S. Salinity Laboratory and the University of
Califofnia Cooperative Extension tovﬁetter define crop yield-soil salinity
relationships under well-drained conditions and also to determine the effect
of a high water table on this relationship.

Because of the subsurface irrigation method used'in the Delta,
relationships between irrigation water quality and soil salinity are more

complex than those under surface-irrigated soils. Onec problem is a potential
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displacement of groundwater by irrigation water peréolating from the spud
ditches. This displacement proceés could result in~grounﬁﬁater replenishing
the root-zoné moisture supply. The quality of the grounéwater is usually
worse than that of the surface water. Thus soillséiinity may depénd on ‘
the groundwater quality if this displacement-proéess does occur.

| ﬁnder sﬁbsurface irrigation, water flows ﬁpward into the root zone."

Since normal downward leaching does not occur during irrigation, salts v

‘accumulate in the root zone. Salt removal occurs only during periodic <

[N

leaching of the soil (usually during the Qinter). The amount ofvsalts removed
depends on the efficiency of the leaching process. "Thus, tﬁe salinity of ,//f‘
the soil in the root zone depends not only on tﬁe quality of the water
replenishing the root zone moisture supply but also on the effectiveness

of any periodic leaching to carry away the accumulated salts. Therefore in
order to arrive at a clear understanding of the relation of irrigation

water quality to the root zone salinity, it is as impofgént to understand

the leaching process and to be able to quaﬁtify it as it is to understand

the irrigation process.

The purpose of this two year project is to investigate faciors affecting

soil salinity under Delta conditions. This is a progress report of the

results obtained during the first yearsof the project.

SUMMER IRRIGATION STUDIES

Pre?ious work on MacDonald Island in 1977 revealed tﬁi; lateral
movement of irrigation water occurred during irrigation. The contributing
factor for this movement was a peculiar mineral layer of silt-loam texture
2-2 1/2 feet below the surface. The apparent low permeability of this layer

prevented significant vertical flow beneath the spud ditch. Thus little
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experiments were selected which did not contain the type of layer such as

groundwater displacement oécurred. It was concluded that the irrigation
water replenished the root zone. |

Obsérvations by farm advisors and others indicated that this mineral
layer was not typical of Delta soilAprofiles. Therefore sites for 1978

C.

existed on MacDonald Island. Sites were located on Rindge Tract, Bouldin v

Island, and Venice Island. g

The method used to determine subsurface water movement was to establish

a grid system of piezometers between two spud ditches (see Appendix). Both

. positive and negative water pressures could be measured with these Instruments.

The hydraulic head was calculated for each node of the grid system using this
piezometer data. Since water flows in the direction of decréasing hydraulic
head, comparing the values of hydraulic head for all points in the grid
system provided information on the subsurface water movement, A similar

grid system of water quality probes was also installed,_

Rindge Tract . ’

Soil Profile Description. The soil profile at Rindge Tract consisted

primarily of a peaty muck. The depth of the organic soil profile was about
five feet although a thin layer of brown mineral material occurred between ,

four and five feet deep. Beneath the peat layer, the so-called "blue clay”

P e Y

was found, although for this case, the material was more of a compacted sand.

d

Large cracks in the top two to three feet of the profile were observed in

the soil.

Subsurface Water Movement. Subsurface water movement prior and during

irrigation is shown in Figures 1-3. Prior to irrigation, the water table
was between the four and five foot depths. The flow pattern (Figure 1)
indicated that subsurface water was flowing upward from the water table.

This upward moveément was in response to evapotranspiration,

-3-
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The irrigation water arrived first at the "0' spud ditch (the'water
arrived at the "A" spud ditch about 1 1/2 hours later). Upoﬁ érrival at
nQ!* lateral water movement from tﬁe ditch was considerabl} faster than
vertical movement (Figure 2). After 30 minutes of frrigating, the change'in
hydraulic head (which resu}ts from water flowing from 0) at L2 (about
A12 feét from fhe spud ditch at two-foot depth) was nearly tﬁice as much as
that at 03 (one foot below the spud ditch). Also, the hydraulic'head at L2

: was‘greater than that at 03. (Prior to £he ;rrigation the situation wés
reversed). These comparisons show the raﬁid raée of lateral flow compared
to vertical flow. A similér flow pattern developed when the'water arrived
at the "A" spud ditch. | .

After about 1 1/2 hours had elapsed, (Figure 3a) the wetting front
resulting from flow from the '"O' spud ditch had adv;nced apbroximately one
half the distance (35 feet) between the épud ditches. Beyond the wetting
front advance, the water table had risen slightly. The flow pattern indicated
that upward flow was occurring beneath the water table bet&een‘A~H.. This
upward flow indicates that some displacement of the subsurface water by
the irrigation water may have occurred between A through H.

When the maximum water table height had been reached, water flow below
two feet was downward (Figure 3b). Thus, it appears that any subsurface
water originally displaced upward by the irrigation water was.displaced'a
second time but downward.

It is believed that, based upon these flow patterns, displaced subsurface
water was not involved in replenishing root zone. The water renlenishing the

root zone was the irrigation water.
The contributing factor for the lateral movement is believed to be a

system of cracks and fissues in the upper 2-3 feet of the profile. These

-8~
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somewhat surprising in view of the rapid movement of water through the

: ‘ ) L
profile. Reasons for this behavior are unknown at this time. |

Soil Salinity. The 'soil salinity profile, obtained from chemical
anaiysis of saturation extracts of soil samples are shown in Table 2 for

one sampling location.

Table 2. Chemical Constituents of Saturation Extracts of Composite Sample B, V//
Rindge Tract, June, 1978. :

RO S R Ay
S;—g&;*q pef ’:%“5%‘3‘ ;

LRPMRAS IR SN SR UL . > RENRFLEE

These values are typical of those throughout the

ettt S — At ek

water quality sampling grid.

An analysis of the data obtained throughout the duration of the experi-
ment revealed no significant changes in water quality of the subsurface

water with time even at locations next to spud ditches. This result is

-
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cracks were discovered during soil sampling and wefe Iarge enough to insert
one's hand. It is believed that water movement through these cracks is more’
like'pipé'flow than flow through a porous media which results in an

“apparent" hydraulic conductivity of: tﬁé&upper part of the profile that is _

mth higher than the hydraulic EOnduct1v1ty of the soil profile below the y///

system of cracks and fissures, . This difference in hydraulic conductivity - -

- is believed to be responsible for the rapid lateral movement.

Upon discovering this rapid horizontal movement, conversation with

-

~ the cooperator brought out his observation that the entire tier of fields

of which our plot was a part "'subbed" very rapidly and normally reqﬁired
only about a day to irrigate. However, he had many fiqlds where this rapid
movement did not take place and required five times Iongér to irrigate.

It was deciaed that thesé latter fields must be studied in sﬁmmer 1979 in

order to complete the picture.

Subsurface Water Quality. The subsurface water nglity profile at B

is shown in Table 1 for July 21, 1978 (two days after irrigation),.

Table 1. Chemical Analysis of Subsurface Water Quality for July 21, 1978
Ri

i y ‘éﬁdﬂfﬂbw\
Ftralt repy (L Cot s ++~ou. VO~ S the A& cxt CO"\%“*‘LW"I‘> Of A Cxpract
are considerably higher than those of the water quality samples. This result

was .ot expected since theoretically the saturated soil extract should

contain about the same quantity of salts as that extract from below the water

table by the soil probe, on perhaps even less. We have no certain ex-

———

planation for this phenomenon, but feel it may have an important bearing on

4

the salt movement process. We expect to explore this further in the second
year of the project.

The differences in the sulfate profiles between the soil analyses
(Table 2) and subsurface water quality from probes (Table 1) requires some
explanation. Not only was there more sulfafe in the soil saturation extracts
than in the soil water extracted by probes, the profiles were the reverse of

D—030236
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one another, i.e. whereas the soil analyses showed measuring sulfate with depth,

the probe-extracted soil water showed decreasing sulfate with depth, in fact

there was no detectable sulfate in the water from soil probes at the 4 and

+ 5 feet depths. The soil samples were taken in the late spring shortly

before the first irrigation and were above the then existing water taBle,
Standard procedures for preparing soil samples for analysis inclqde slow
drying in open bags prior to analysis. On tﬁe other hand; all probe-samples
were extracted from the field soil at points~be{ow the water(table and capped

and protected from air after sampling. Thus, the soil samples were not

anaerobic and any mineralized sulfur compounds had the opportunity to be

fully oxidized to the sulfate level. By coﬁparison, the water table water,

surrounded by decomposable organic matter, quickly becomes anaerobic and
,S gas. e

Just how to deal with this fickle nature of inorganic sulfur compounds is

can reduce any sulfate present to insoluble sulfides or volatile H

not clear but the considerable content of sulfate in many if not most of the
Delta soils requies more attention than has been given in the past if we

are to fully understand the salt problem,

-~ T

.. <. . \
A comparison of the June and October soil salinity data (Figure 4)
reveals that a slight increase in soil salinity occurred in top 8" to a _ -~
foot of the soil profile. This .increase is due to evapotranspiration.

Below this depth, soil salinity decreased indicating removal of salt during

the irrigation.

Bouldin Island.

Soil Profile. Data describing the soil profile at the Bouldin Island

site is listed in Table 3.

-11-
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Figure 4. Changes in soil salinity with time- Rindge Tract.
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Table 3. Description of Soil Profile at Bouldin Island Site,

Depth ;
(feet) Material
0;1 Top layer of muck
1-5 Brown peat with small fibers
5-6 Muck
) 6-7 Muck, increasing mineral content
>7 Mineral material similar toc a sandy

loam, (Depth of material is at least
to' nine. feet).

Subsurface Water Movement. Flow patterns of subsurface water movement

are shown in Figures 5-9.

Prior to the irrigation, flow was primarily in the upward direction
(Figure 5). Above the water table, this upward movement wa§ due to
evapotranspiration as wasAthe case for Rindge Tract. Below the water table,
the upward movement is believed to be caused by an artesian condition.
Evidence for this cqndition can be seen from the flow ﬁgitern since the lérgest
hydraulic head at this time occurred at the six to eight foot depth between -
locations G-K. Further evidence of artesian flow is found from the chemical
analyse of the subsurface water,.which is discusgcd later.

At the beginning of the irrigation; rapid lateral movement of water
{(between the 2-3 depth) occurred. Vertical downward flow from the spud
ditch appeared to be slow (Figure 6). Water flow from the spud ditches
continued to be primarily horizontal}throughout the duration of the
irrigation (Figures 7,8).

The reason for this lateral movement is believel to be a system of
cracks and fissures in between 2-4 feet below the surface similar to that at
Rindge Tract. These large 'pore'" spaces result in a high apparent hydraulic
conductivity comparced to that of the underlying material. fhis difference is

the contributing factor for the horizontal movement.

-13-
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Once the irrigation ceased, the flow pattern shown in Figure 9 developed.
This pattern indicated that static conditions (no suﬁsurface wéter movement
existed at depths between one to three feet. However at depths below three
feet, the flow pattern shows downward movement of subsurface water.

The principle of continuity requires that under saturated conditions,
inflow into a given volume of a soil profile must equal 6utflow unless .
changes in the bulk density of the soil occur. Howevgr, this flow pattern
shows no flow above three feet (water table was near the one-foot depth)
and downward flow below three feet, whicﬁ'apﬁeafs'to violate this principle.
No significant changes in bulk density are believed to have occurred.

A possible (and probable) explanation for this phenomenon is that due
to tﬂé system of cracks between two to three feet (with the resultiﬁg high
apparent hydraulic conductivity) and slow subsurface water movement that is
believed to exist at that time, hydraulic head losses in this part of the
profile were very small and could-not be determined by ‘the mercury piezo-
meters.v Ho&ever, since no cracks are believed to exist below the three
foot depth, the hydraulic conductivity of the soil is smaller than that abové
three feet, thus hydraulic head losses were greater even though flow rates
were small and differences in hydraulic head could be measured by the piezo-
meters. Thus it is believed that the source of the subsurface water moving
downward below the four foot depth is the water in the upper part of the
profile and that continuity with regard to water movement is maintained.

If has been noted that in Figuré 5, thé flow pattern shows a source
of subsurface water at H-K at depths of six to eight feet. At the end of
the irrigation, a sink for the water developed in this area of the profile.

In-situ measurcments of hydraulic conductivity were made using the auger

hole method (Kirkham, 1971). The range of hydraulic conductivities was.

-19-
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:
between 0,11 meters/day ana 0.34 meters/day, the average was 0.20 meters/day
at depths above 5 feet, One measuremeqt, not included in the above data,
was = 30 meters/day. This auger hole iﬁ;ersected a crack in the soil,

thus preventing accufate measurements. This value would reflect the
"apparent'" hydraulic conductivity of the soil. With the one exception,
these values are somewhat similar to those of a sandy loam or silty loam
soil. |

Subsurface Watér Quaiity. The subsurface water quality profile at

location F is shown in Table 4. Th; EC, C1, and Na* increased with depth
down to a depth of six feet and &hen decreased slightly. Sulfaté generally
decreased with depth. Sulfate concentration was negligible at locations
A-F below 6 feet? but was significant at locations H-K at these depths
(Table 5). An explanation for this difference may be found in the flow

pattern shown in Figure 5 which shows a source of subsurface water at H-K

at depths of six to eight feet. 1If this water is a sulfate water flowing

through a nonorganic aquifer, then differences in sulfate concentration
at these depths can exist, which is the case at this site. However, the source

of this subsurface water is unknown, but is believed not be flowing directly

from the river.

Changes in chemical constituents with time were insignificant.

Soil Salinity. The soil salinity profile for F sampling site is shown

in Table 6. Data from other sampling sites is similar. Analysis of the
data iﬁdicates that between July and October, salts accuﬁulated in tﬂe first
foot of soil, but below one foot, salts were leached out of the profile
(Figure 10). This is similar to what happened at Rindéc Tract and the
discussion on partial leaching during irrigation is ﬁertincnt to the Bouldin

plot as well.
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Table 4.

Subsurface Water Quality Profile at "F'" on August 3, 1978,
Bouldin Island. '

o7
4. %
Depth EC Cl Na S04 \
(feet) mmnhos/cm meq/1 meq/1 meq/1
2 2.37 8.0 10.0 9.7 .
3 2.55 8.0 12.6 7.9
4 2.74 10.8 17.0 7.8
's 3.08 14.4 19.1 7.4 ' o
A
6 3.30 15.5 19.8 2.2 (o ©
. w
' 8 3.13 15.9 16.5 0.4
10 3.11 15.4 15.2 0.6
Table 5. Sulfate profile, August 3, 1978, Bouldin Island. (Concentrations
are in meq/1). -~
Depth Location
(feet) A B D F H J K
2 - 15.4 3.4 9.7 6.7 10.8 -
3 11.8 8.1 9.2 7.9 7.3 9.4 7.9
4 10.6 8.7 6.7 7.8 11.4 11.1 9.1
5 9.0 5.8 6.8 7.4 12.0 13.0 10.3
6 5.4 1.2 3.4 2.2 13.0 12.3 11.9
8 <0.1  <0.1 <0.1 0.4 8.5 10.5 10.9
10 <0.1 <0.1 <0.1 0.6 6.0 4.6 8.4
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Figure 10.

Changes in soil salinity with time- Bouldin Island.
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Table 6.

Soil Salinity Profile at '"F'", Bouldin Island.

AR P g e e

S
H‘/:’ |

Depth Interval ECe Ca+Mg Na C1, S04

(feet) mmhos/cm meq/l  meq/1 meq/1 meq/1
0-0.25 2.64 22.6  11.5 7.9  10.9 .

0.25-0.50 2.50 21.0 9.8 7.2 7.6

0.5-1 2.04 14.6 8.9 6.7 5.0

1-2 2.26 14.0  10.6 8.2 7.5

2-3 3.30 2.8 18.5 156 12.4

3-4 6.08 0.2 37.6  25.5  28.0

4-5 6.35 37.8  42.0  30.9 25.0

Venice Island

Soil Profile. The Venice Island site was chosen because of its contrast

with Rindge and Bouldin in that it has a deep profile of apparently previous
raw peat or "buckskin'" capped with a relatively shallo&ylayer of muck which
was not as well-decomposed as on the Rindge and Bouldin sites.’ As a result,
the piezometer grid went to 12 feet which is the depth of the peat profile,

Subsurface Water Movement. Analyses of data on subsurface water move-

ment at the Venice Island site seems to indicate similar water movement from
the spud ditches as occurred atRindgeﬁTact and Bouldin Island. However, at
Venice Island, the initial water table depth was small compared to th;sé

at the other sites, thus initial heaq differeAces between the subsurface
water and the irrigation water in the spud ditch were small. As a result,
water flow from the spud ditch was small and well-defined flow patterns were
‘generally not obtained.

Figure 11 is one of the few flow patterns from which

a trend can be scen.
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. Although well-defined patterns were not consistently obtained, it is

believed that subsurface water movement from the spud ditches;ig‘primarily',

horizontal. This is again due to cracks and fissures observed in the soil which

import a high 'apparent" hydraulic'conducfivity to the top 2-4 feet of sdil;

Subsurface Water Quality. A subsurface water quality profile is shown

in Table 7.

The total dissolved salts in profile was low reflected by 10w*i

EC va;ues) throughout the profile. EC values generally decreased with-l///f

increasing depth. However, a slight increase sometimes occurred at the

\

12-foot depth. Profiles of chemical constituents of the water were similar

to that of EC except for bicarbonate. The '"bicarbonate!'! titration is of

dubious value, except to assist in balancing the anions and cations since

the method partially titrates any weak organic acid in the solution as well.

The low or nil values for sulfate at the deeper depths was discussed earlier

under the Rindge Tract experiments.

o~ —

Table 7. Subsurface Water Quality Data at P. Venice Island, on July

25, 1978.

Depth EC Na Ca;Mg Cc1 S04 HCOz
(feet) (mmhos/cm) (meq/1) (meq/1) - (meq/1) (meq/1) (meq/1)
2 3.22 7.1 - 5.0 34.0 -

3 1.89 3.2 20.1 2.0 15.6 6.3
4 1.32 1.6 3.3 1.1 5.7 7.6
5 0.90 1.1 8.2 0.6 <o.i’] 9.2
6 0.90 1.0 4.8 0.6 <0.1 | 6.2
8 0.75 1.0 6.1 0.3 <0.1 5.8
10 0.75 1.0 6.3 0.8 <0.1 6.3
12 0.81 1.0 6.3 1.0 <0.1 7.1

5—030251
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"' Of particular interest is water quality changes with time beneath the

spud ditch at "K' and at "L", (Figure 12). At the start of the irrigation,

“the EC was high‘at K3 but it decreased as the irrigation,proceeded until.
'»xééyIS,'indicating a leaching.by the irrigation water immediatelx'under‘ ‘
'the'spud ditch. (Aftervday 8, EC at K3 increased with time). .At K4,
) hqkever, there was‘only a sligﬁt decrease in EC during the irrigation.
-'Tﬁe differéﬁéés in changes iﬁ”EC at the two depths may indicate that,vgrfical
movement of water beneath the spud ditch is small below 3-4 feet.
At iocétion L (adjacentvto the spud ditch), large changes in EC‘with
.time occurred at L2, smaller changes 6ccurred at L3, and still smailer
changes at L4. This behavior indicates that water movement frbm.the
spud ditches is laréely horizontal and that vertical movement is Slow
compared to horizontal movement, again reinforcing other data that the main
source of water to the root zone du;ing irrigation is horizontally directly
from the applied irrigation water énd not displaced groundwater moving upward.

Soil Salinity. The soil salinity profile is illustrated in Figure 13.

The data shows salt accumulation in about the top six inches and salt removal
at depths between 0.5 to 3-4 feet, essentially the same pattern as at Rindge

and Bouldin, and discussed earlier.

WINTER LEACHING STUDIES

Leaching Trial-Empire Tract

Piezometers and subsurface water quality probes were installed at a
location on Empire Tract to determine the effectiveness of leaching under
Delta conditions, The leaching process was accomplished by both rainfall and

flooding the field with river water, Dikes or beams along the field edge,
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next to the 4' drain ditch allowed each field to be flooded while the
drains remain open and operating.

The lower end of each field had two additional "V" ditch drains
installed which were protected from the flooded fieid by their own berm.-
These "V"'ditches were 1 1/2 feet below the normal soii level and drained
into the normal operating drainage system at the lower end of the fields.

Two sites'were chosen in the same field; One.site was next to a main
drain; the other was next to a four-foot drain. Hycraulic head data from
a grid system of piezometers provided informéti&n on the flbw paitern.
Sub-surface water samples obtained from a grid system‘of wafer qﬁality _
sampling probes provided information on-salt movement. Soil samples beforé
and after the flooding indicafed the degree of leaching accomplished.

Figure 14 shows changes in water pressure head with time for the dufation
of the trial (1 January 1979 - 14 March 1979) (day 1= beginning of trial;
day 73= end of trial). This shows that on or about day“s; water pressure
head‘increésed. This was due to rainfall. A first maximum was reached on
day 16, then the pressure head decreased. On day 29, the pressure head
staried increasing again as the field was flooded with river water. Water
was continuously appiied to the field until day 44, after which water levels
generally declined. Slight increases due to raiﬁfall occurred after day 44.

Figures 15 and 16 show flow patterns occurfing during the leaching'
process for both sites. The flow pattern at'site 2 (Aear main drain)
indicates water movement towardlthe m;in dfain as would be expected.
Movement of the water was primarily horizontal.

The flow pattern at site 1 (near the operating 4Afoot drain) during
flooding was ill-defined. One reason for this is bel%eved to be a low flow

rate caused by a small hydraulic gradient and an apparent low hydraulic
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conductivity of the soil, The small gradient occurred because the drain
ditches were nearly full during the floodihg period. A second reason is a
distortion in the flow pattern at D. This distortion is believed to be dﬁe
to a field-in spud ditch at that location.

Figures 17, 18, and 19 show changes in EC of the soil watér of the’
saturated soil with time during the leaching process at the one, two, three,
and four foot depths for distances from the four-foot drain of 25 feet,

45 feet, 75 feet, respectively. Nearest to the drain, salts were rapidly
removed with time at the one foot depth Bhtaés the distance from the drain
increased, the leaching process was slower. This is to be éxpected. How-~
"ever, the one foot depth at the 75 foot distance, significant amounts of
salt remained at day 73. This indicates that the drain is effective for

a distance of 50-60 feet.

" The data also shows little change in subsurface water quality at the
_two, ‘three, and four-foot depths Qith time regardless of the distance
froﬁithe érainv This is particularly interesting since considering the
magnitude of changes in EC at the one-foot depth, one would expect some
subétantiél change‘in EC with time at least the two foot depth particularly
since the flow pattern indicated a downward component of the flow. How-
ever no substaqtial change occurred. This data may indicate that vertical
water movemenf is very slow and as a result, little of the salts leached
from the surface soil was transported down to the two. foot depth. The cause
of this.phenomena is believed to be aivery dense layer of buckskin at about
1 1/2-2 feet below the surface, which may have very small vertical hydraulic
conductivity. This will be verified this summer.

Water quality of the drain water and leaching water is listed in

Table 8.
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An analysis of soil salinity data obtained before and after leaching
(Table 9) showed a decrease in soil salinity in the top;foot but an in-
creasé in salinity below the one foot dgpth. Although, the subsurface
water quality samples showed little change in quality with time during
the pfocess, it may be that during the drainage of the fiéld, salts
ieached from the first foot were moved downward. If this be the case,

then based upon soil salinity changes during the irrigation season,

leaching of these salts may occur during the irrigation process.

LABORATORY EXPERIMENTS ON PEAT SOILS

Salt Movement.

When a solution of one quality flows through a soil initially con-

taining a solution of a different quality, the initial solution is gradually

displaced by the inflow. This process is called miscible displacement since

if aqueous solutions (for a soil system) are involved,-.some mixing of the

two solutions occurs. The rate at which this displécement process procee&s

depends on factors such as pore size distribution of the soil, flow velocity,

diffusion, chemical constituents of the solutions, ion exchange, precipi-
tation, etc.

The method used to determine misc}ble displacement characteristics of
a soil is to flow solutions through samples of soil and measure the volume

of effluent from the sample and concentration of ions in it as function

-of time. A breakthrough curve can then be developed which provides infor-

mation on salt removal characteristics of the soil,
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Table 8. Water Quality Data of Leaching Trial, Empire Tract. (mmhos/ch)

Four-Foot Drain* "Y1 Ditch Leaching Water

Date Main Drain*
Jan 30, 1979 1.11 0.90 - 0.45
Feb 1, 1979 1.04 0.87 - 0.46 | i
Feb 5, 1979 0.93 0.86 2.56 0.50 \
Feb 8, 1979 0.90 0.83 - ~0.50 a,_
Feb 17, 1979 0.96 0.90 - | '0.45.{
Feb 23, 1979 0.58 0.94 | 2.36 0.23
" Mar 2, 1979 1.61 1.26 - -
Mar 10, 1979 1.01Y f7;o - -

*During the beginning of the trial, the open-ditch drains contained runoff

from the rainfall.

This resulted in low EC values.

Table 9. Soil Salinity Changes During Leaching, Empire-Tract. (four-foot drain)*

Depth (feet)

1
2
3

4

ECe {(mmhos/cm)

Dec. 20, 1978

March 16, 1979

2.97 1.62

1.75 2.28
1.33 Lot

‘I!E!!illf 3.20

*This pattern was consistent at most sampling locations.
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Miscible displacement experiments were conducted on peat soils to
determine the characteristics of peat soils in reéard to salt movement in
the soil. It was hoped that information from these experiments could bé
used to help describe the leaching process as it occﬁrred in the field.

Undisturbed samples of soil from the prbfilé at the MacDonald Island
'site were used. Theée saﬁplés were obtained from a‘sﬁrface layer, a sub-
surface 5uckskin layer andva layer of‘mixed mineral and peat. Breakthrough

curves for the surface soil and the "buckskin'" are shown in Figures 20 and

21, respectively, for the desalinization pr&cess.
| Figure 20 shows that one pore volume of through-flow removed aﬁout 70

percent of the sodium and chloride in the surface layer, Na and C1 were
removed from £he ;oil sample at the same rate for concentrationg above 9-10
meé/l, but the rate of removal of Na was slower than that of Cl1 for smalli:
concentrations. The differenee is believed to be due to sodium adsorptién.
by the soil. , : R

| .f;guré 21 shows that one pore volume of flow-through removed about
66 percent of the Na® and C1~ in buckskin, This behavior is similar to thatv
of the surface layer although adsorption of Na© by the soil are believed
to be insignificant. Reasons for this could be that buckskin has little
tendency to absorb cations of because of the lower bulk density of the
buckskin compared to that of surface layer resulted in fewer exchange sites
in the buckskin compared to that of the surface soil,

If the assumption is made that éhe processes which occurred in the
laboratory also occurs in the field, then an estimate of the'volumc of water
required to leach one foot of soil can be made. For'the surface layer,
approximately one foot of water will remove about 75:85 percent of the salts

per foot of depth. For the buckskin, one foot of water will remove about
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70 pércent of the salt per foot of soil. This applies only for saturated
conditions, and where no cracks occur in the soil, Under unsaturated
conditions it appears that 0.7 feet of water will remove about 80 percent

of the salts per foot of depth for the surface layef.

Moisture Retention Curves.
. . O
Figures 22 and 23 show the moisture retention’ characteristics of the

surface soil and the buckskin at the McDonalds site. At saturation the

water content for the surface and buckskin_waé about 0.74 and 0.89, re-

- .

spectively on a volume basis. Rapid desaturation of the surface soil occurred

within the first 50 centimeters of soil suctiom, Upén resafuration, the
water content of the surface layer was about 0.69., This difference is
attributed to entrapped air and slight ;hrinkage of the soil saﬁple.‘

However, during the desaturation cycle of thevbuckskin, significant
shfinkage of the soil occurred. Thus, if the water content was calculated
using the actual bulk volume, little change in water content occurred.
Forbevery unit volume of water removed from the sample, there was a unit
change in bulk volume due to shrinkage.

. The implications of this behavior are two-fold: First, moisture-
retention curves ofnbuckskin cannot be used to determine changes in soil
moisture by using soil suction data as:is commonly done with mineral soils;
second, when buckskin is desaturated under field conditions such as occurs
when thg water table drops, what changes in bulk volume occur and how are
these changes manifested througout thé soil system. Answers to these

questions are unknown at this time.
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CONCLUSIONS

Grids of piezometers were installed between spud ditches in corn fields

on Rindge Tract, Venice Island and Bouldin Island. Periodic readings at
these piezometers during and following'irrig;tion permitted the study of-
sﬁbsurfaée water f£low and to assess the poséible contribution to root zone.
moisture by upward moving ground water.

Grids of piezometers were ins?alled at two locations in a fieid'op
Empire Tract thch was leached (flooded) during_the winter. Readings were
taken undér non-flooded réiny conditions and under flooded conditions in
order to study water flow during ieaching.

At all piezometer sites, grids of suction probes were installed to
periodically sampie subsurface water quality. During the summer, it was
hoped that the better quality (lower salinity) irrigation water would act
as a tra;er for water movement during irrigation. For reasons not well

understood at this point, this did not work. During the winter, these

periodic samplings of subsurface water successfully reflected the leaching

process.

At all three sites, despite considerable profile differences, water
moved rapidly horizontally into the soil with no important displacement’
of the ground water upward. Thus, thq water replenishing the root zone was
the irrigation water. The rapid horizontal movement was believed to be. due
to a network of subsurface soil cracks.

The Bouldin plot appears to havé a source of unknown magnitude of
subsurface water between the six to eight foot depths. This water contains

sulfate whereas most other shallow grdund water contains no sulfate. This

water cannot be coming from the river through a '"clean" aquifer since sulfate
o >

is far too high. The source of this water is unknown. The question arises
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as to how extensive are such areas in the Delta. Any conclusion drawn with

respect to the relation of irrigation water quality (defined as diverted

- surface waters) to soil salinity, and hense crop response, may be affected

by such conditions,

It is widely known that cracks occur in the peat subsoil. It is not

cléarly understood how extensive they are or to what extent they form a

" continuous network of channels. Observations of piezometers during the

first phase of an irrigatidn and the rate of appearencevof water in holes
dug into the shallow water table during an irrigation suggest'that there
may bé extensive cracking in the subsoil through which water rapidly moveg
horizontally from the spud ditches.

If further study should show these cracks to be a continous network
through which water can move readily in a horizontal direction from spud
ditch to soil during irrigation and from soil to drainage ditch during
leaching, then this will have impértant implications w;;h respect to both
the irrigation process and the leaching process if such crack networks are
widespread in the Delta soils. Specifically, both irrigation.and leaching .
can be more efficient than they would otherwise be and new management methodé
can perhaps be developed to improve the present practices.

Salinity.of subsurface water from’60 cm to 150 cm, showed litfle change
with time during an irrigation, even near a spud ditch (except in one case).
This is surprising in view of the rapid water movement. The reason for this
behavidr is unknown at this time,

Analyses of saturation extracts of soil samples when compared to sub-
surface water analyses (sampled in-situ from in-place 5333232.23251 show

anomalous results in two important aspects. First, soil analysis indicates

©-46-
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considerable more total-soil gsalinity than would be estimated from sub-

A

—

urface water samples., Second, although sulfate diminishes with depth in
= p P
- &L second,

the water samples and in essentially njl at 120 cm and deeper, it is much

———

higher in the soil samples and increases with depth. It is possible that

these anomolies may be caused by an artifact in the standard preparation of
pa , —

soil for analysis. This is to be inVestigated in the second year of this

study.

During the leaching trials, coqﬁiderable'salt was removed from the top
30 cm but did not appear to move into the zéne~béIOWL The question arises:
if the salts did ;ot move into the zone below 30 cm, where did it go? If
it moved horizontally 20 to 40 meters to a drain ditch but did not move .

deeper than 30 cm,_this would indicate the existence of a barrier at about

30 cm that is highly impermeable to vertical movement. The 30 cm-60 cm

horizon is not a clay but rather a layer of compacht "buckskin' in row peat.

L

;EJ It is anticipated that this field will be studied in comsiderable detail in
summer '79' and perhaps winter '79-80'.
Soil salinity data obtained during the leaching trial showed a decrease

——————————

in salt in the first foot but an increase below the one foot depth. Thus,

it appears that salts which accumulated in the top layer during the irrigation

season are leached down to depths below one foot and, based upon soil_ salipity

changes over the irrigation season, leaching of these salts occurs during

irrigation.
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Grand Island San Joaguin River
Sacramento River

Andrus Island

Levee Holland Tract
Franks Tract

\ .
olane skimmed below us, dusting fertilizer. ! "l 'I' i “ h

.wo brown plumes of peat dust rose in the Esm s s“ ll": I ﬂl . .

air, marking the movement of distant trac- % ym. g " KPR

tors. At our fect, rusty pipes siphoned river a" m gpnws .o )‘;

water over the levee to the ficlds. Nothingelse ’ ‘

Webb Tract

N THE 1850's it was just a swamp tobe %

inked this scene of mechanized farming with .
L cc, X o ¢ K ( bypassed by gold-rush prospectors. When v 60 Gt IO il o
the water labyrinth behind us. ~  the gold fever died, farmers-turned-forty- .

Few but farmers and pleasure boaters ' * ek Aoy ’ \ 4 d Island (A) southward t°'“°"f‘“’ ?’r

niners turned farmers apain, diked swampland A > wDi“PPu”.n”m_ from oxidation, wind erosion, and

g know this delta, and they are curtained from by sh S y . -
L B . y shovel and wheelbarrow, and planted {7k 4 W decomposition — means trouble for some delta 1 Davi g
" each other by 1,100 miles of levees that rim 55 wheat. They reaped a phenomenal 50 bushels ")) “ kf:r,::"’r:::»:r'as mach as 17 feet below mean sea feve, o

islands reclaimed from marshland. This is , o the acre (today Kansas averages about 35), .., ¥ .nt When land level drops, water pressure builds ‘i 120 /[,

the water crossroads of California, where the and the great California land rush was on. " g e i on the levees. They broke on Andrus Island (above) in™* =
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state's longest rivers—the Sacramento and
San Joaquin~—mcet to flow westward to San
Francisco Bay and the Golden Gate. Like
coastal deltas it is triangular, but this one lies
inland, behind mountains. It extends no more
than 70 miles on any side {map, right).

Green leart of the Golden State

The California Delta is an isolated remnant
of other times, woven in its own watery web
near the center of the nation’s most populous
state. Only nine of its islands have towns,
none larger than about 1,000 residenis. No
major highways cross it, and Californians in
a hurry avoid its ponderous drawbridges and
tiny cable ferries. Some farm islands, owned
by affluent city dwellers or corporations, are
inhabited only by foremen and laborers living
in barracks. Others, like Bethel, are rimmed
with marinas serving pleasure boaters from
the cities. Some, like Venice, arc owned by
hunting clubs. Their cornficlds lure ducks and
geese migrating along the Pacific flyway.

The people of the delta recall the passage of
years not by civic triumphs but by natural
cdisasters. The levees give them a tenuous
hold on the land. It can be lost when flood-
waters from winter rains and melting Sierra
snows surge through the delta on their way
to the Pacific, or wind-whipped tides drive up
from the sea. Even a tiny burrowing animal
can cause a catastrophe by weakening a levee
agrainst the gnawing current.

We stood atop a levee one day with Id
Wilson, a marina owner who serves as a
trustee of the Andrus Island levee district.
From benecath his battered cap brim, Ed
looked warily out on the broad waters.

“Everything depends on these levees, and
when they go it's chaos,” he said. “We had a
break here in 1972, in the middle of the night.
That water was like a torrent, rushing into

410

Battalions of Chinese, paid as little as 13
cents for each cubic yard of dirt moved, built
more levees. Later, steam-powered clamshell
. dredges did the work for five cents a yard,
By 1930 more than 700,000 acres had been
reclaimed. Delta soil—rich peat in the south, rich
-* loam in the north washed down from mountain
gold workings—ranks amonyt the world's best.
The problem is, some of it is vanishing.

.

Elevations in meters,black.and feet. red, t oNapa
° KILOMETERS " s
L STATUTE MILES © i !
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‘1972, but were repaired. Franks Tract, where levees
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3

Water Content (gm/cm

Figure 7.

i.0

Rindge Tract:  © = 0.0000358C - 0.197, r = 0.96
0.9 Bouldin Island: © = 0.0000355C - 0.261, r = 0.95
Empire Tract: . © = 0.0924¢0:000074C "o g g2
0.8 '
O 7_ $1nd%e i A
' rac 7
\f\\‘* ©~~Bouldin Island -
0.6 -
0.5+ 6“Empire Tract
n,4- |
0.3-
0.2-
0.1 I///’/D

0
8 2 4 6 B 10 12 14 16 18 20 22 -24 26 28 30

1000 Counts/30 seconds

Neutron probe calibration curves.
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Depth (meters)

Depth (meters)

Figure 8.
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SOEAA

Row dJ

29 June

25 July

o e o et s o s 2t

0.91

0.15 |-

0.30

0.45

0.61

0.76

0.91

Water content change between irrigations, Rindge Tract.

0.1

T I T I ] I 1 '1
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Row D

0.1

1 T T T ! T 1 1
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
8 (gm/cm3)

D—030282

D-030282



AR e, Fvning s
TR i Rk

| ke “‘
!f——~0.15 meter o
" - Depth- (meters)
-7.04 ol . 0.15
Y 0.30
) 0.45
~6.0 — v 0.61
-5.0 —
”
| S5
3
D i
E  -4.04
©
&
o I
T ©
{ . |
IS 7
g -3.0-
- L
Q.
4
()
-
=2 — 0.61 meter
-2.0 -
-1.0 —
0.0
1.0 T T l T l i T I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
8

Figure 9. Moisture retention curves, Rindge Tract.
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Figure 10. Moisture retention curve of soil at 0.15 - 0.30 meter depth interval, Empire Tract.
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Figure 11.

Matrix Potential (bars)
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Moisture retention curve of soil at 0.15 - 0.30 meter depth
interval, Empire Tract.
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 Total Salts (wet) . .
Total Sa]ts.(dry) '

0.30.

0.61 -

0.91-

Depth (meters)

1.22 -

1.52

Figure 12. Ratio of total dissolved salts with depth.
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FIGURE 24, GRID SYSTEM OF PIEZOMETERS- RINDGE TRACT.
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Table 6. Properties of soils at Empire site.

Depth

(inches)

6
12
18
24
30
38

12
18
24

12
18
24
30
38

12
18
24
30

12
18
24
30

(a)

{mineral)

(b)

(c)

(mineral)

(d)

(e)

Coefficient of'

Number of

Samples (n) "Mean Variation (CV)

Bulk density (gm/cm3) _
& 0.6 3.2
3 0.41" 20.8
7 0.37 40.1
7 0.38 138
4 0.36 5.1
1 1.62 7 -

Percent organic matter content
4 39.9 1.8
3 61.5. 28.8
3 82.3 9.3
3 30.6 27.1

Porosity
4 0.69 2.0
3 0.78 4.2
7 0.81 4.7
7 0.83 3.2
4 0.85 1.0
1 0.38 --

Horizontal hydradlic conductivity (cm/sec)
5 .0.026 67.6
4 0.011 _ 56.6
4 . 0.0060 110.7
6 0.0044 88.9
3 0.000064 54.0

Vertical hydraulic conductivity (cm/sec) .
6 0.027 26.6
2 0.0060 2.0
10 « 0.012 105.9
6 0.0030 56.26
4 0.0027 35.50
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Table 7. Ratio of horizontal to vertical hydraulic conductivity.
(?ﬁgﬁgsl o Eﬂﬁf!
' ~ (a) Rindge Tract

18 0.16 ' (
24 ' 0.29
30 ' 0.03
36 0.04
48 | 0.11

(b) Empire Tract
6 : E 0.97
12 - : 1.75
18 0.51
24 1.47
30 0.02
;é; . (c) Bouldin Island
6 ' 1.41
12 - 0.83
18 0.41
S~ Lt 24 0.38
30 0.04
A s 36 0.06
‘3" lfc°\ 42 : -

Table 8. Comparison of "wet" versus "dry" methods of soil sample
preparation from a sampling site on Bouldin Island (hole

number B-1). (:>
( Vgle @& g
Depth £ Y £C <P B
Interval Sp e’ [ Sp e @;ﬁ, Ry
(feet) (dry) (dry) ¢ (wet) (wet)
-, 2.2%  ),03%
(0-1 136.2 1.73 236 1765 1.29 Ay
1-2 1825 0.92 /ibB=3056—0m0 78 /‘ .
2-3 63_:_9 © vz L3 3.2 ) 0.46 Sz !
3-4 (360.7 1.43 227 g083 0.46 3.F=2 &/
4-5 124.3 7o 210 sy o.51 2495 7/
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